: Measured apparent equilibrium dissociation constants (Kapp) 
Buffers
Buffer A: 50 mM HEPES (pH 7.5), 10% DMSO, 140 mM KCl, and 1 mM tris(2-carboxyethyl) phosphine hydrochloride (TCEP).
Buffer B: Buffer A + 100 µM ethanedithiol (EDT) and 1 mM β-mercaptoethanol (BME).
Buffer C: 5 mM phosphate buffer (pH 7.5) with 150 mM KCl and 5 mM DTT.
Chemical Synthesis
Synthesis of 4-(2,3,3-trimethyl-3H-indol-1-ium-1-yl)butane-1-sulfonate
Synthesized following an established procedure. 1 The following reaction was carried out under N 2 inert atmosphere in a flame dried 50 mL flask equipped with a stirbar. 2,3,3-trimethyl-3H-indole (3 mL, 18.69 mmol, 1.0 eq) was dissolved in 20 mL of dicholorobenzene. 1,4-butane sultone (6.09 mL, 59.81 mmol, 3.2 eq) was then added.
The reaction was heated to 120°C and stirred for 8 h. The reaction was cooled, poured into 100 mL of cold acetone (0°C), and the product was washed extensively with additional portions of cold acetone to afford a light pink solid that was used without further purification (3.97 g, 71% 
Synthesis of Cy3
Cy3 was synthesized by following an established procedure for a similar Cy3 derviative. 
Synthesis of AsCy3
AsCy3 was synthesized from Cy3 by following a modified version of the literature procedure. After 5 h, the reaction was diluted with 5 mL of 0.25 M phosphate buffer (pH 7.5) containing 313 µL (3.75 mmol, 44 eq) of 1,2-ethanedithiol (EDT), and the reaction was left to stir for 5 min.
An additional 50 mL of buffer was added and the reaction mixture was extracted with chloroform (6 x 30 mL). The combined organic extracts were washed with a solution of sat.
NaCl and dried over MgSO 4 . The solvent was removed under reduced pressure and the crude material was dissolved into 50/50 acetonitrile/water and purified using reverse phase HPLC (RP-HPLC) on a C-8 semi-prep column by a gradient of acetonitrile in water (with 0.1% TFA).
The product was collected and lyophilized to afford 11.9 mg (15%) of AsCy3 as a red solid. Peptide synthesis and characterization Polypeptides Cy3Tag, TagΔ2, TagΔ4, Tag+1-8, and Tag+6Δ2 were synthesized as N-terminal acetamides on a 25 µmol scale using standard Fmoc chemistry with a Symphony multichannel solid phase synthesizer. The peptides were cleaved from the resin and side chain deprotected by treating the resin for 2 h at RT with 2 mL of a cleavage cocktail containing 94.5% TFA, 1% water, 1% phenol, 1% ethanedithiol 0.5% thioanisol, and 2%
triisopropylsilane. After reaction, the crude peptides were precipitated in 40 mL of cold (-40°C) diethylether, centrifuged into a pellet, and washed with a second portion of cold ether. The analysis software and fitting the data to the equation below, which can be derived from first principles with no assumptions. 1 The binding event can be described by the following equilibrium expression for dissociation where A is peptide and B is the ligand (AsCy3):
[AB]
The total concentration of each species ( [A] t and [B] t ) have the following relationship to the actual concentrations [A] and [B] respectively:
Substituting in these equations into the equilibrium expression gives:
Which can be rearranged to give
Rearrangement to solve for [AB] gives
Suitable to be solved by the quadratic equation form
And as we expect a change in FI (ΔF) to contribute to the fraction bound (χ) then:
And since we know for binding that F obs has the following relationship regarding a fluorogenic binder: 
In this equation, F obs is the observed fluorescence, F min is the (minimum) fluorescence observed when no binding partner is present, F max is the (maximum) fluorescence observed when the dye is fully bound, [AsCy3] is the concentration of fluorophore, K app is the apparent dissociation constant, and [Peptide] is the total concentration of peptide.
Apparent dissociation constants (K app ) based on fluorescence polarization values were determined after adjusting for the 2.5-3.2 fold increase in brightness (g) by converting the polarization values observed to fraction bound using the equation described below.
In this equation, P b is polarization when bound, P f is the polarization when free, and P is polarization. Fraction bound (x) can then be substituted into the binding equation where ΔF is replaced with fraction bound (x), F min is therefore 0 (zero), and F max+ is one (1) giving the equation below. Cy3Tag  2400  590  2400  580  2400  580  2400  580  Tag+1  1300  370  1200  350  1200  350  1200  350  Tag+2  1100  320  1100  310  1100  310  1100  310  Tag+3  890  210  920  210  920  210  930  210  Tag+4  130  42  170  42  180  43  180  43  Tag+5  190  40  220  38  220  38  230  38  Tag+6  49  13  90  16  94  16  95  16  Tag+7  170  51  210  53  220  54  220  54  Tag+8  80  27  120  30  120  31  120  31  TagΔ2  410  92  440  88  440  88  440  88  TagΔ4 
Molecular Modeling
Gaussian G09W was used to minimize the ground state geometry of both free and bound
AsCy3 by minimization of the force field calculations in the internal UFF molecular mechanics package. 4 From the minimized structures, coordinates of three atoms from each indole plane ( Figure S2A ) were used to calculate the normal vector and angle between normal vectors using linear algebra ( Figure S2B ).
Schemes, Tables, and Figures Scheme S1: Synthetic route of AsCy3 
